SYNOPSIS In order to identify prolactin-producing tumours in human pituitary glands, 45 chromophobe adenomas, obtained from unselected necropsies, have been studied by various staining procedures including the immunoperoxidase technique for the demonstration of prolactin. The presence of immunoreactive prolactin was revealed in the cytoplasm of the tumour cells in six cases (13 %), indicating that the occurrence of prolactin-producing adenomas is not rare. No correlations were established between tumours and clinical history. Two adenomas were detected in female and four in male patients. The age of the patients at necropsy ranged from 28 to 75 years. Three adenomas were associated with disseminated carcinoma, two with fatal liver disease, and one with diabetes mellitus, atherosclerosis, and pyelonephritis. Manifest endocrine symptoms were not disclosed, and endocrine investigations, including measurements of blood prolactin levels, were not undertaken. Thus, direct evidence is lacking as to whether or not these tumours were actively secreting prolactin.
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In the non-tumorous parts of the anterior lobes the number of prolactin cells was decreased in two cases, suggesting that prolactin released from the adenoma cells suppressed prolactin production in the non-tumorous pituitary. However, the number of prolactin cells of the non-tumorous adenohypophysis seemed to be unchanged in two and increased in another two cases.
The present findings conclusively proved the existence of the prolactin-producing adenomas as a distinct entity. These tumours do not stain with acid or basic dyes, they are PAS or thionin negative, and do not contain immunoreactive growth hormone. Thus, by conventional staining procedures they are indistinguishable from other chromophobe adenoma types. lIerlant's erythrosin and Brookes' carmoisine methods, claimed specifically to stain prolactin cells, failed to provide reliable results, hence their use cannot be recommended in tumour identification. Immunoperoxidase staining of prolactin is the only technique which conclusively reveals the presence of immunoreactive prolactin in the cytoplasm of the tumour cells and permits diagnosis. It is proposed that this technique be introduced in pituitary morphological studies. Its application may lead to a better understanding of problems related to prolactin-producing tumours and their secretory activity.
Although sensitive, specific, and reproducible are accompanied by raised blood levels of prolactin measurements of pituitary hormones in blood and (Tolis et al, 1974) . Hyperprolactinaemia in itself, tissues conclusively proved the existence of a distinct however, does not provide unequivocal evidence as pituitary tumour type, termed prolactin-producing to whether the tumour consists of prolactin cells, adenoma (Peake et al, 1969; Friesen et al, 1972 ; Nasr since interference with the hypothalamo-adeno- Guinet et al, 1973; Tolis et al, 1974) , the hypophysial transport of various mediator subinformation obtained so far is still too limited re-stances might result in enhanced secretion and higher garding incidence, diagnosis, and functional signifi-blood concentration of prolactin from the noncance of this newly recognized entity. It has recently tumorous pituitary (Turkington et al, 1971; been shown that a large number of pituitary tumours al, 1973; Boyar et al, 1974) . Surgically removed pituitary tumours have recently been investigated by techniques as well as by electron microscopy. These studies led to the conclusion that prolactin-producing tumours are not rare (Horvath and Kovacs, 1974; Landolt and Hosbach, 1974; Zimmerman et al, 1974; Kovacs et al, 1975) .
Recently, it became evident that various substances could be demonstrated by using immunoperoxidase techniques on formalin-fixed and paraffin-embedded human tissues which had been stored for different lengths of time (Phifer et al, 1970 (Phifer et al, , 1973 Burns et al, 1974) . As specific antibodies can be raised against human prolactin (Hwang et al, 1971) , we thought it pertinent to apply the immunoperoxidase technique for prolactin localization in human chromophobe adenomas available to us in the form of paraffin blocks from the necropsy material at St. Michael's Hospital. We felt that immunocytological techniques would be helpful in detecting prolactinproducing adenomas, and that they would allow us to assess their incidence, reveal their structural features, and correlate their morphology with the clinical history.
Material and Methods
Necropsies performed at St. Michael's Hospital over the last 20 years provided the material for our study. The pituitary glands were removed from the sella turcica, cleaned, weighed, fixed in formalin, and embedded in paraffin. They were cut in horizontal planes and stained with haematoxylin-phloxinesaffron. Generally one-half of each gland was embedded and a section or two were made from the block.
In this material 45 pituitary glands were available which contained chromophobe adenomas. The paraffin blocks, stored for various lengths of time (up to 20 years), were recut and the presence of chromophobe adenomas was verified. Sections of 4-6 ,u thickness were then prepared for immunoperoxidase techniques and for various staining procedures.
For immunocytological localization of prolactin and growth hormone the immunoglobulin-enzyme bridge method was used as described by Mason et al (1969) with the following two major modifications:
(1) The duration of exposure to the specific antibodies and subsequent reagents was reduced to 10 minutes. (2) Instead of applying horseradish peroxidase and antiperoxidase individually, the horseradish peroxidase-antihorseradish peroxidase complex was used, as proposed by Sternberger et al (1970) . In control experiments the specific antibodies were replaced by normal rabbit serum. For comparison, non-tumorous pituitary glands from various necropsy cases (including one pregnant and one lactating woman) were also immunostained for prolactin and for growth hormone.
The actual steps of the technique were as follows: Sections were deparaffinized with toluol, transferred to decreasing concentrations of ethanol, hydrated with phosphate buffered saline (PBS), pH 7-2, for 5 minutes, placed on moist filter paper in a Petri dish, and treated with normal goat serum (1:30 dilution) for 10 minutes in order to block nonspecific background staining. After washing in PBS (4 times, 1 minute each) they were exposed to specific rabbit antiserum (antihuman prolactin, 1:100 dilution; antihuman growth hormone, 1:1000 dilution) for 10 minutes. All antisera were diluted in PBS containing 1% normal goat serum. After being washed in PBS (4 times, 1 minute each) sections were exposed to goat-antirabbit serum (1:10 dilution) for 10 minutes. After being washed again in PBS (4 times, 1 minute each) they were treated with the horseradish peroxidase-antiperoxidase complex (PAP) (1:15 dilution) for 10 minutes. They were then rewashed in PBS (4 times, 1 minute each) and exposed to DAB solution (3 mg of 3.3'-diaminobenzidine tetrahydrochloride in 10 ml 0 05 tris buffer, pH 7-6, to which 3 drops of 3% hydrogen peroxide were added before use) for 5-10 minutes. After being washed in runnning water for 5 minutes they were treated with 1 % osmium tetroxide for 2 minutes. After being washed in running water for 5 minutes they were dehydrated in increasing concentrations of ethanol, cleared in toluol, and mounted.
The specific antibodies used were antihuman prolactin and antihuman growth hormone. The Additional sections were stained with haematoxylin-phloxine-saffron, orange G, Herlant's tetrachrome erythrosin (Herlant, 1960) , Brookes' carmoisine (Brookes, 1968) (Horvath and Kovacs, 1974; Landolt and Hosbach, 1974; Zimmerman et al, 1974; Kovacs et al, 1975) . Thus, in our material, it is possible that prolactin was not only stored but discharged into the circulation as well. The distinguishing feature of the six adenomas was the presence of immunoreactive prolactin in the cytoplasm of the tumour cells (figs 3, 4, and 5).
Brown deposits were seen in the cytoplasm, usually arranged in streaks, frequently adjacent to the nucleus or to the plasma membranes, possibly in or around the rough-surfaced endoplasmic reticulum membranes and/or the Golgi sacculi. As no definite secretory granules were identified, the question of whether or not they reacted positively cannot be answered with certainty. In general, the intensity of staining was uneven and varied somewhat not only from case to case but also from cell to cell. In some cells the positivity was strong and brown deposits almost completely filled the cytoplasm.
HISTOLOGY OF NON-TUMOROUS PITUITARY
The non-tumorous parts of the anterior lobes in the six cases of prolactin cell adenomas were compared with the tumour free areas of those 39 pituitary glands which, by histology, showed the presence of chromophobe adenoma but failed to exhibit a positive immunoperoxidase reaction for prolactin. By using various staining procedures, including the immunoperoxidase technique for growth hormone demonstration, no differences were found between the two groups.
Immunostaining for prolactin, however, revealed considerable differences in the non-tumorous parts of the anterior lobes among the six cases of prolactin cell adenomas. In two cases in the tumour free areas the number of prolactin cells was strikingly reduced, and only very few or no prolactin cells were identified (fig 6) (Pasteels et a!, 1972; Moriarty, 1973; Ueda et al, 1973; El Etreby and Gunzel, 1974; Merchant, 1974; Zimmerman et al, 1974; Kovacs et a!, 1975 (Tolis et al, 1974; Zimmerman et al, 1974; Kovacs et al, 1975) , the question how frequently these tumours occur has not been conclusively established so far. The syndrome of enlarged sella turcica, amenorrhoea, and galactorrhoea is indicative of this tumour type (Herlant et al, 1965; Lamotte et al, 1966; Linquette et al, 1967 Linquette et al, , 1972 Tolis et al, 1974) . Some prolactin-producing tumours are, however, unassociated with manifest symptomatology (Horvath and Kovacs, 1974; Zimmerman et al, 1974; Landolt and Hosbach, 1974; Kovacs et al, 1975) . Hyperprolactinaemia in itself cannot be regarded as an unequivocal evidence of prolactin secretion by the tumour because increased blood prolactin levels may also occur in cases of non- staining for prolactin x approx 400).
prolactin-producing tumours or in non-neoplastic conditions (Turkington et al, 1971; Tolis et al, 1973; Boyar et al, 1974) . Prolactin-producing chromophobe adenomas cannot be recognized conclusively by conventional light microscopy and cannot be distinguished from other pituitary tumour types. Electron microscopy, which is a very valuable tool (Mirouze et al, 1969; Racadot et al, 1971; Guinet et al, 1973; Horvath and Kovacs, 1974; Lewis and van Noorden, 1974; Landolt and Hosbach, 1974; Kovacs et al, 1975) in detecting these tumours, cannot be applied on necropsy material because of autolysis. The immunoperoxidase technique is the only method at present which permits identification of these tumours. Among 45 chromophobe adenomas, six cases (13%) were found to contain immunoreactive prolactin in the cytoplasm of the tumour cells, indicating that the occurrence of this adenoma type is not rare. The question how closely these figures represent the real incidence cannot be answered with certainty at present. Serial sections were not cut from the pituitary glands, and it is possible that some cases might have been overlooked. Some tumours may have been missed because of improper fixation or embedding or because the antigenic determinants in the tumour tissue were altered or bound. One may also suppose that some prolactin-secreting adenomas release all the hormones they produce, and if they are not capable of storing prolactin they will not stain with the immunoperoxidase technique and will be considered as representing other tumour types.
Immunoreactive prolactin was demonstrated in streaks in the cytoplasm of the tumour cells, suggesting that the specific antibody used in the present work recognized immunoreactive prolactin in or around the rough-surfaced endoplasmic reticulum membranes and/or Golgi complexes. Correlative light and electron microscopic investigations of surgically removed pituitary tumours showed that some chromophobe adenomas corresponded to sparsely granulated prolactin cell adenomas (Horvath and Kovacs, 1974; Kovacs et al, 1975) . These tumours contained only few and small secretory granules, which could be disclosed by electron microscopy but only inconclusively by light microscopy. The six adenomas investigated in the course of the present study obviously belong to this entity. Thus, it is not surprising that no definite views could be expressed as to whether or not secretory granules reacted positively with the immunoperoxidase technique at the light microscopic level. Ultrastructural cytochemistry is needed to elucidate the exact sites where prolactin is localized. Nakane (1971) , studying pituitaries by electron microscopy, noted that immunoreactive prolactin might be present not only in the secretory granules but also in the rough-surfaced endoplasmic reticulum membranes and Golgi complex. Parsons and Erlandsen (1974) , however, using the ultrastructural immunoperoxidase technique, localized prolactin exclusively to the secretory granules in nontumorous rat pituitaries.
It was noteworthy that we failed to obtain satisfactory results by using Herlant's erythrosin (1960) and Brookes' carmoisine (1968) techniques, which are claimed specifically to stain secretory granules of prolactin cells (Herlant and Pasteels, 1967; Peake et al, 1969; Pasteels et al, 1972; El Etreby and Gunzel, 1974 
